There are a number of beta-adrenergic antagonists available for general clinical use. The pharmacological action of these agents in patients with ischaemic heart disease and hypertensive cardiovascular disease is similar to that of the prototype, propranolol.
withdrawal of this agent for twenty-four hours to two weeks before elective surgery; ~'3 others have shown that it was safe to anaesthetize patients on chronic therapy even when it was given six hours before cardiac 4,s or other surgery. 6"~ Betaadrenergic antagonists are potent myocardial depressants. It has been estimated that not less than nine per cent of in-patients on propranolol had adverse reactions and nearly a third of these were life-threatening cardiac complications. 8 It is likely that the real difference in the experience of these authors lies not in substance but in the method of selection and preparation of their patients. With better understanding of the pharmacology of the beta-adrenergic system and its The beta-adrenergic and the glucagonergic mechanism mediated by cyclic 3', 5'-AMP. Propranolol can block the action of beta agonists at beta receptor sites while aminophylline can exert beta-like effects by inhibiting the breakdown of cyclic AMP. (Please refer to the text for details).
CANADIAN ANAESTHETISTS' SOCIETY JOURNAL
The cyclic AMP-kinase mediated chronotropic and inotropic effects can be activated by agents other than beta-adrenergic agonists. Glucagon, when combined with specific surface receptors, will also activate adenyl cyclase and lead to the conversion of ATP to cyclic AMP and the conversion of inactive kinase to active kinase ~t ( Figure 1) . Aminophylline, by inhibiting phospho-diesterase, will retard the enzymatic breakdown of cyclic AMP and will increase the effect of beta-adrenergic agents t5 (Figure l ).
blockade and of the interaction of beta antagonists with anaesthetic agents, it is appropriate to look afresh at this controversial topic.
Besides propranolol there are now a number of other beta-adrenergic antagonists available. They include metoprolol (Betaloc and Lopresor), nadolol (Corgard), pindolol (Visken), and timolol (Blocadren). Cardio-selectivity is claimed for some of these, intrinsic agonist activity for others. However, the pharmacology of beta blockade by these agents in patients with cardiovascular disease is similar. 9.1~ Propranolol is still by far the most popular member of the family and is the only agent that can be given intravenously. Therefore, the patient on propranolol will be discussed as a prototype in this review. THE 
BETA-ADRENERGIC MECHANISM AND ITS BLOCKADE
Epinephrine, the naturally occurring beta agonist, is a messenger molecule capable of combining with specific receptor sites on the myocardial cell membrane surface (Figure 1 ). Such an interaction will result in the activation of the enzyme adenyl cyclase which catalyses the conversion of ATP to cyclic AMP. Cyclic AMP in turn catalyses the conversion of inactive kinase to active kinase. Cellular mechanisms are altered by active kinase leading to the chronotropic and inotropic effects of epinephrine, t t- 13 Propranolol is an epinephrine analogue capable of combining with beta-adrenergic receptors without activating adenyl cyclase. It is a competitive antagonist j4 similar to the action of curare at the myoneuraljunction. This blockade can be overcome by increasing the concentration of the agonist.
Since the introduction of propranolol, the indications for beta blockade have grown to include ischaemic heart disease, obstructive cardiomyopathy, supraventricular and ventricular arrhythmias, essential hypertension, phaeochromocytoma, thyrotoxicosis, certain tremors and psychiatric disorders and glaucoma. The majority of patients treated with beta antagonists are those with ischaemic heart disease and hypertensive cardiovascular disease.
Propranolol alleviates symptoms and signs of myocardial ischaemia and improves the exercise tolerance of patients with ischaemic heart disease. As a result of beta-adrenergic blockade, heart rate, cardiac output, myocardial contractility, ventricular systolic pressure and its rate of rise are reduced. Consequently myocardial oxygen demand falls. On the contrary, ventricular volume and ejection time are increased and myocardial oxygen requirement rises. The sum total of all these effects is a net reduction in myocardial oxygen consumption which is beneficial to the patient with myocardial ischaemia, t4 By virtue of its activity as a beta antagonist on the excitable and conducting tissues of the heart and its quinidine-like activity on myocardial cell membrane, propranolol is found useful in the treatment of arrhythmias.~6.t7
Propranolol is a potent inhibitor of renin secretion by the kidneys. Its anti-hypertensive action is most effective in patients with high or normal plasma renin activity) s.t9 Since inhibition of renin secretion will reduce aldosterone secretion, propranolol will prevent the compensatory salt and water retention accompanying vasodilator therapy. Therefore, propranolol is often combined with a diuretic 19 or a vasodilator 2~ in the control of hypertension. Other anti-hypertensive actions of propranolol include a de-crease in cardiac output 2Lz2 and cerebral effect 23.2a in high doses.
Absorption and Fate
Propranolol is completely absorbed from the gastro-intestinal tract 2~ and is eliminated almost entirely by metabolism 26 in the liver. Hepatic extraction during its transfer from the gut to the systemic circulation (pre-systemic or "first pass" hepatic elimination) is high. 27 The outcome is a low bio-availability. When absorbed, 90 to 95 per cent is bound to plasma protein. 28 After oral but not after intravenous administration, an equipotent active metabolite, 4-hydroxypropranolol, 29 with a shorter half-life, can be detected. However, at the end of a six-hourly dose interval after oral administration, the effect of this metabolite can be ignored.
A plasma level of 50 to 100 lag/ml at the end of a six-hourly oral dose interval is therapeutic and will confer a high degree of beta blockade.3~ The oral dose required by patients varies widely. Several factors are responsible? t (I) There may be a seven-to twenty-fold difference in plasma level of propranolol among different individuals after the same oral dose. 3~ This large variation is the result of different rates of pre-systemic hepatic extraction.
(2) Only the unbound fraction is free to combine with receptor molecules. The difference in protein binding of 90 to 95 per cent 2s may seem small, but it means a two-fold difference in the availability of the active unbound fraction.
(3) There may be a genuine difference in receptor sensitivity between different individuals. 33 (4) The underlying mechanism of action may be different. For example, hypertensive patients with high or normal plasma renin activity require only a modest dose of propranolol. In some other patients, doses up to 2000 mg are necessary. 34 The anti-hypertensive action of propranolol in this second group of patients is probably through its central nervous system effect 23,24 rather than the lowering of plasma renin activity.
(5) Propranolol is a competitive antagonist. Its effect depends, to a large extent, on the underlying sympathetic tone which differs from patient to patient and may vary with the daily activities of the patient.3s (6) Poor compliance of some patients is also a factor to be considered)' They may not be taking the prescribed dose regularly.
With intravenous administration, pre-systemic hepatic elimination does not occur and only a fraction of the oral dose is necessary to produce a similar degree of beta blockade. No active metabolites are detectable after intravenous administration. Both bound and unbound fractions of propranoiol are extracted and metabolized by the liver) 6 The plasma half-life'is three to six hours after oral administration and two to three hours after intravenous administration? s It has been demonstrated that it takes only 24 hours for the complete elimination of propranolol and its metabolites from the myocardium 37 and that there is no detectable cardiac beta-adrenergic blockade by propranolol or its metabolites as early as 18 hours, and certainly no longer than 48 hours after withdrawal from chronic therapy .38.39 However, as the rate of hepatic extraction of propranolol is very sensitive to hepatic blood flow, beta blockade itself, by decreasing cardiac output and hepatic blood flow: ~ will reduce and delay the elimination of propranolol: t'42 Similarly, the action of propranolol is prolonged in patients with uncompensated congestive heart failure, in whom it is also contraindicated.
Contraindications and Adverse Reactions
The contraindications and adverse reactions to propranolol are similar: It is contraindicated in patients who have bronchospasm, congestive heart failure, hypotension, bradycardia and heart blocks. Its administration should be discontinued should any of these develop during therapy. Propranoiol is administered in small increments until a maintenance dose is established. Adverse reactions usually occur early in the course of therapy and are not related to the magnitude of the maintenance dose. Once the maintenance dose is reached, life-threatening complications are unlikely unless there is a change in the underlying pathology.
ANAESTHETIC CONSIDERATIONS

Preoperative Assessment and Preparation of the Patient
During the preoperative assessment of patients on propranolol, their medical history and cardiac disability should be reviewed. The combined circulatory depressant effect of beta blockade and anaesthesia is a constant threat to these patients. Profound bradycardia and hypotension is more likely to occur in patients on a toxic dose of the agents. Therefore an effort should be made to determine the adequacy of treatment and the possibility of toxicity. Unfortunately, the daily maintenance dose varies from individual to individual because of differences in receptor sensitivity, pharmacokinetic factors and compliance with treatment and is not a reliable guide to the degree of beta blockade. A thorough examination of the cardiovascular system is helpful.
The Optimally Treated Patient
The usual oral maintenance dose varies between 80 to 320 mg/day) s The patient on an optimum dose of propranolol has a good exercise tolerance, his blood pressure is well controlled and he has no anginal symptoms, congestive heart failure, orthostatic hypotension or electrocardiographic evidence of heart block. The resting heart rate is around 60/min and will increase by ten per cent or more after routine activities. However, profound bradycardia and hypotension can still occur in the optimally treated patient under the additional depressant effects of anaesthesia, although this is rare.
For such a patient there is little reason for withholding or even reducing the maintenance dose before non-cardiac operations. If operation is scheduled in the morning, the usual evening dose should be allowed the night before; if operation is scheduled late in the day, the morning dose should be given on the day of operation. Atropine should be omitted from the premedication, but should be available in the operating room.
The Patient With Propranolol Toxicity
Clinical features of propranolol toxicity include symptomatic and inappropriate bradycardia, orthostatic hypotension, reduced exercise tolerance, congestive heart failure and evidence of impaired A-V conduction on the electrocardiogram. The frankly toxic patient is usually obvious and is treated. It is the mildly toxic patient who has escaped attention who is likely to cause concern. Unless propranolol is withdrawn or the dose reduced or supplementary measures taken, life-threatening cardiac complications are likely in such a patient during operation.
In preparing the toxic patient for surgery, withdrawal of propranolol should be gradual because abrupt cessation can be associated with acute coronary insufficiency in some patients. 43'44 The underlying mechanism of this withdrawal rebound phenomenon is multifactorial: s Receptor hypersensitivity to catecholamine plays a significant role. This hypersensitive period lasts up to two weeks after withdrawal. .6 During withdrawal, the patient should be closely observed in hospital and care must be taken in the use of exogenous catecholamine. The return of anginal symptoms, arrhythmias or uncontrolled hypertension are indications for re-institution of propranolol therapy to the last symptom-free dose.
If gradual withdrawal is not possible because operation is urgent, supportive treatment is necessary. Digitalization is indicated for congestive heart failure; implantation of a temporary artificial pacemaker is indicated for bradycardia or heart block. The management of bradycardia and hypotension is discussed in a later section.
The Inadequately Treated Patient
Some patients would benefit from the introduction of propranol01 therapy or from an increase in the dose. These include patients with angina and a high resting heart rate, patients with atrial fibrillation or atrial flutter and a fast ventricular rate not controlled by digitalis, patients with significant ventricular premature beats and hypertensive patients with high or normal plasma renin activity. If time permits, the oral route is preferred; in an emergency, intravenous propranolol is necessary.
Intravenous propranolol should be given slowly,3S the first milligram being given over 10 to 15 minutes in increments of 0.1 to 0.2 mg each. During this period, the patient should be observed closely for serious side effects. If no adverse reactions occur after I rag, it is unlikely that they will occur and the dose can be increased when necessary at a rate of I mg every five minutes to a total of 0.1 rag. kg -I.
MANAGEMENT DURING OPERATION
Basic monitoring should include blood pressure, heart rate and electrocardiography, lnvasive haemodynamic monitoring should be instituted when indicated. During anaesthesia, the decision to control ventilation or not should rest with the surgical requirement and the cardiorespiratory status of the patient. The combined effect of anaesthetic agents and beta blockade on the circulatory function is predictable, and the choice of agents should be made accordingly.
Succinylcholine
Succinylcholine is a cholinergic agent. An increase in heart rate is the usual response in adults to a first dose of succinylcholine sufficient for tracheal intubation, 47-49 even when they are on propranolol. 5~ Cardiac slowing can occur following subsequent doses. 47-49 As its muscarinic effect on the beta-blocked heart is a cause for concern, it is best reserved for situations when it is absolutely indicated. Atropine should be available immediately.
The Curares
Hypotension following d-tubocurarine can be alarming, particularly when halothane is being used.51's2 The administration of d-tubocurarine is best avoided in patients on propranolol. Theoretically its ganglionic blocking effect may make the sympathetic blockade produced on the heart by beta antagonists pharmacologically complicated. Dimethyl-tubocurarine, on the other hand, has no ganglionic blocking activity s3 and is associated with a lower incidence of hypotension. It is a good choice when it is available . 54 
Pancuronium
Pancuronium is known for its pressor effects. 5s It is also a satisfactory agent for tracheal intubation. The increase in heart rate and blood pressure can be minimized by a slow rate of administration and it is unlikely to vitiate the beneficial effect of propranolol.
Narcotic Analgesics
There has been no clinical report of specific adverse interaction between narcotic analgesics and propranolol to date. The myocardial effect of morphine alone is insignificant in man. Hypotension following the administration of morphine is mediated by dilatation of arterial resistance and venous capacitance vessels. 56 In dogs, it has been found that the circulatory effect of morphine and propranolol was simply additive. 57 
Inhalational Agents
There is always some concern about the combined circulatory depressant effect of inhalational anaesthetics and propranolol. Of the two major agents, enflurane is a more potent circulatory depressant than halothane. 5a In dogs, the depressant effect of halothane and propranolol is simply additive, s7.59 while the combination of enflurane and propranolol is less compatible. 6~ For these reasons, halothane is deemed a safer agent in these patients. Similar studies indicate that the newer agent, isoflurane, is better tolerated than halothane in the presence of moderate to profound beta-adrenergic blockade by propranolol; 61 but it seems that the combined depres-109 sant effect of methoxyflurane and practolol is unacceptable. 62 
Neostigmine
The muscarinic effect of neostigmine on the heart is potent. Profound bradycardia after neostigmine has been reported in a patient taking propranolol. 63 Atropine and neostigmine should not be given combined in a bolus to patients on propranolol. Atropine 0.6 mg should be given first; then neostigmine is given in small increments, alternating with further increments of atropine when required. To avoid an excess of neostigmine, the use of the peripheral nerve stimulator is most helpful. Close observation of the heart rate and blood pressure during this period is mandatory.
Postoperative Management
Very little is written about the continuation of propranolol therapy in the postoperative period. Since catastrophe and death can strike as early as twenty-four hours after abrupt withdrawal, it is only logical that the surgical patient should be allowed to go back to his maintenance dose as early as possible. For patients who have to abstain from oral intake postoperatively, the intravenous route should be considered. A continuous infusion of propranolol in 5 per cent dextrose in water at a rate of 10 per cent of the patient's usual daily oral dose over twenty-four hours should be started. 64 This infusion rate can be further adjusted according to the haemodynamic response of the patient. As hepatic blood flow is reduced in the haemodynamically unstable patient, the hepatic extraction and elimination of propranolol is reduced due to a haemodynamic-drug interaction. 4~ The intravenous infusion of propranolol in the critically ill surgical patient should be observed closely in an intensive care area, as frequent adjustment of the rate may be necessary.
THE MANAGEMENT OF PROFOUND 9 BRADYCARDIA AND HYPOTENSION Most anaesthetized patients can tolerate a heart rate as low as 50/min. They will not become hypotensive unless they are hypovolaemic. However, there is always the risk of profound bradycardia and hypotension in all patients under the combined effect of beta blockade and anaesthesia. The anaesthetist should be prepared for these complications. There are many pharmacologic agents that can counteract the nega-tive chronotropic and negative inotropic effects of beta-adrenergic blockade; but atropine and beta agonists are, by far, the most effective. tion will deteriorate rapidly. These agents are not recommended.
A tropine
Atropine, the drug of choice when bradycardia is present, should be given in 0.6 mg increments to a total of two to three mg as necessary. It is a vagolytic agent which allows residual sympathetic stimulation of the heart to emerge.
Beta-adrenergic Agents
Propranolol is a competitive antagonist. Its action can be reversed by the use of a beta agonist. Isoproterenol, a pure agonist, is the agent of choice. It should be given as a continuous intravenous infusion: start with 2 to 5 lag/rain and adjust the rate to obtain the desired effects. Extremely high doses may be needed.
Epinephrine is predominantly a beta agonist with some alpha effect on skin and visceral vascular beds. Due to this alpha effect, it may be more efficacious in maintaining blood pressure. The initial infusion rate is 5 lag/min. Dopamine, like norepinephrine and epinephrine, is an endogenous catecholamine. 65 Its action on the heart is beta-adrenergic in nature. Unlike the other catecholamines, a therapeutic concentration of dopamine dilates the renal, mesenteric, coronary and cerebral microcirculations through dopaminergic receptors. At higher concentrations, the effect of dopamine on the peripheral circulation is uniformly vasoconstriction. It has a lesser effect on the heart rate than isoproterenol and epinephrine. The recommended initial rate of infusion is 2 to 5 lag" kg-ffmin which can be increased in steps up to 50 lag' kg-t/min to obtain the desired circulatory response. When the dose is in excess of 50 lag" kg-I/min its alpha effect on the peripheral circulation predominates. Dobutamine, a synthetic agent, has pharmacological actions similar to those of dopamine. 66 Its effect on the heart rate is even less than that of dopamine. Its intravenous infusion can start at 2.5 to 10 lag. kg-'/min.
A Ipha-adrenergic A gents
Vasopressors with pure alpha effects (norepinephrine, methoxamine and phenylephrine) increase peripheral vascular resistance without any direct effect on the myocardium, if the beta-blocked and depressed heart is unable to cope with the increase in afterload, cardiac func-
Xanthb~es
Aminophylline blocks the enzymatic breakdown of cyclic AMP by phosphodiesterase. 15 Since cyclic AMP mediated activation of kinase is an important step in the beta-adrenergic mechanism, aminophylline has beta-like activity. It works best when given in conjunction with a beta agonist. The recommended dose is 4 to 6 nag. kg -1 given intravenously over 15 minutes.
Cardiac Glycosides
Digitalis inhibits the sodium-potassium pump of myocardial cell membrane and secondarily promotes the influx of calcium ions into myocardial cells. 67 As a result, the increase in the sarcoplasmic pool of calcium ions increases the efficiency of excitation-contraction coupling and improves contractility. Except in the presence of bradycardia and A-V block, rapid digitalization with intravenous digoxin is useful in patients not already digitalized.
Calcium Salts
The exact mechanism by which calcium salts improve myocardial contractility remains speculative. 68 Calcium affects permeability of cell membrane to sodium and potassium. It has little effect on the resting membrane potential, but modifies induced action potential. It also plays a central role in excitation-contraction coupling. The action of calcium ions on the myocardium resembles that of digitalis. Since it is believed that digitalis exerts its effect indirectly through the influx of calcium ions into myocardial cells, calcium salts may exert their effect by increasing the sarcoplasmic pool of calcium ions. It antagonizes the negative inotropic effect of halothane in man. 69 It is also effective, though less potent, in dogs anaesthetized with halothane and pretreated with beta antagonists. 7~ One-half to one gram of calcium chloride or calcium gluconate can be administered slowly intravenously under electrocardiographic monitoring.
Glucagon
Glucagon can activate adenyl cyclase by interacting with specific and non-beta-adrenergic receptors: tl thus it bypasses beta blockade. 71 It has both chronotropic and inotropic effects in man even in the presence of beta-adrenergic blockade, catecholamine depletion and full dig-italization. 72 Its action is not always predictable and it has been reported to be ineffective? It should be tried in combination with other agents. Five to ten milligrams should be given intravenously followed by an infusion of I mg/min. 6 Side effects ofglucagon administration include nausea and vomiting, hypoglycaemia (a result of depletion of glycogen store after prolonged administration) and a minor fall in serum potassium. 73 Besides pharmacological measures, the depth of anaesthesia should be reduced when possible to minimize central nervous system and myocardial depression. Surgical manipulation of viscera should be stopped to avoid evoking unwanted vagal reflexes and fluid administration should be increased to meet blood loss and third space loss when indicated. It should be remembered that in the presence of beta blockade, tachycardia may not occur even when hypovolaemia is severe. On the other hand, the beta-blocked heart can be over-loaded rapidly. If more than a modest amount of intravenous fluid is used, central venous pressure or pulmonary capillary wedge pressure should be monitored.
